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ȺɇɇɈɌȺɐɂə ɂɫɫɥɟɞɨɜɚɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ
ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ɮɟɪɦɟɧɬɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɥɸɰɟɪɧɵ ɞɥɹ ɞɷɟɬɟɪɢɮɢɤɚɰɢɢ ɹɛɥɨɱɧɨɝɨ ɩɟɤɬɢɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɷɮɮɟɤɬɨɪɨɜ ɉɪɨɜɟɞɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɨɰɟɧɤɚ
ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɚɤɬɢɜɚɬɨɪɨɜ ɢ ɢɧɝɢɛɢɬɨɪɨɜ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ɮɟɪɦɟɧɬɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɥɸɰɟɪɧɵ ɍɫɬɚɧɨɜɥɟɧɨ
ɜɥɢɹɧɢɟ ɷɮɮɟɤɬɨɪɨɜ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɤɨɧɫɬɚɧɬɵ Ɇɢɯɚɷɥɢɫɚ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɚɤɬɢɜɚɬɨɪɨɜɢɢɧɝɢɛɢɬɨɪɨɜɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵɮɟɪɦɟɧɬɧɨɝɨɩɪɟɩɚɪɚɬɚɥɸɰɟɪɧɵɤɚɤɫɨɫɜɨɛɨɞɧɨɣ
ɮɨɪɦɨɣɮɟɪɦɟɧɬɚɬɚɤɢɫɮɟɪɦɟɧɬ-ɫɭɛɫɬɪɚɬɧɵɦɤɨɦɩɥɟɤɫɨɦ 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɟɤɬɢɧɨɜɵɟɜɟɳɟɫɬɜɚɮɟɪɦɟɧɬɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɚɩɢɪɨɤɚɬɟɯɢɧɢɨɧɵɤɚɥɶɰɢɹɥɸɰɟɪɧɚɫɤɨɪɨɫɬɶ
ɪɟɚɤɰɢɢ 
 
INFLUENCE OF EFFECTORS PECTIN METHYLESTERASE ALFALFA 
DEESTERIFICATION KINETICS OF PECTIN SUBSTANCES 
 
A. BEZUSOV, T. NIKITCHINA* 
 
Odesa national academy of food technologies, Odesa, UKRAINE 
 
ABSTRACT The modern technology of food production enzyme preparations with pectolytic activity were used in technological 
operations of clarification of juices, as well as in the production of juices with pulp, which makes them indispensable in the 
processing of berries, fruits and vegetables. In basis of their use in technologies ability of deeterificashon lies and to depolymerize a 
pectin. The resulting pectin methylesterase herbaceous crops - alfalfa, possible to obtain an environmentally friendly preparation. 
One of the most important features of pectin methylesterase alfalfa enzyme preparation is the presence in its composition two 
catalytically active sites that, despite the high degree of homology differ in substrate specificity, affinity for inhibitors capable of 
activating cations. Influence of effectors by modifying the Michaelis constant and maximum reaction velocity as a result of the 
interaction of activators and inhibitors of the enzyme pectin preparation alfalfa as with the free form of the enzyme and to the 
enzyme-substrate complex. Experiments have shown that the resistance to the natural inhibitors of the enzyme preparation exceeds 
WKH GDWD RI PLFURELRORJLFDO RULJLQ RI 3HFWRIRHWLGLQ 3ɯ ZKLFK DOORZV WR LQFUHDVH WKH WHFKQRORJLFDO SURSHUWLHV RI WKH SODQt 
enzyme. An important fact is also that the Ca2 + ions and pyrocatechol widely present in fruit and vegetable raw materials, so the 
study and characterization of their influence on the behavior of pectolytic enzyme preparation with selective functional features, 
allowing to get low esterificated pectin, possessing both detoxifying and gelling properties, is the justification of the relevance 
research data. Thus, pectin methyl esterase enzyme alfalfa product most adapted to the biological system plant material, indicating 
that the high catalytic ability. 
Keywords: pectin substances, enzymes, pectin methylesterase, pyrocatechol, ions of calcium, alfalfa, speed of reaction 
 
ȼɜɟɞɟɧɢɟ 
 
ȼ ɨɫɧɨɜɟ ɩɪɨɰɟɫɫɨɜ ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɢ
ɢɡɝɨɬɨɜɥɟɧɢɢɢɯɪɚɧɟɧɢɢɦɧɨɝɢɯɩɢɳɟɜɵɯɩɪɨɞɭɤɬɨɜ
ɥɟɠɚɬ ɢɡɦɟɧɟɧɢɹ ɜɵɡɵɜɚɟɦɵɟ ɞɟɹɬɟɥɶɧɨɫɬɶɸ
ɪɚɫɬɢɬɟɥɶɧɵɯ ɮɟɪɦɟɧɬɨɜ ɢɥɢ ɮɟɪɦɟɧɬɧɵɯ
ɩɪɟɩɚɪɚɬɨɜ ɢ ɮɟɪɦɟɧɬɨɜ ɜɵɞɟɥɹɟɦɵɯ
ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ Ɉɫɨɛɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ
ɩɟɤɬɨɥɢɬɢɱɟɫɤɢɟ ɮɟɪɦɟɧɬɵ ɚɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɵɯ
ɧɚɫɬɭɩɚɟɬ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ
ɪɚɫɬɢɬɟɥɶɧɨɟ ɫɵɪɶɟ ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ
ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɚ ɪɚɫɬɢɬɟɥɶɧɨɝɨ
ɫɵɪɶɹ ɩɨɡɜɨɥɹɸɳɚɹ ɩɨɥɭɱɚɬɶ
ɧɢɡɤɨɦɟɬɨɤɫɢɥɢɪɨɜɚɧɧɵɣ ɩɟɤɬɢɧ ɨɱɟɧɶ ɜɚɠɧɵɣ ɞɥɹ
ɫɨɡɞɚɧɢɹ ɝɪɭɩɩɵ ɩɪɨɞɭɤɬɨɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ
ɧɚɡɧɚɱɟɧɢɹ 
ɂɡɭɱɟɧɢɟ ɦɟɯɚɧɢɡɦɚ ɞɟɣɫɬɜɢɹ ɮɟɪɦɟɧɬɧɨɝɨ
ɩɪɟɩɚɪɚɬɚ ɫ ɜɵɫɨɤɨɣ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɧɨɣ
ɚɤɬɢɜɧɨɫɬɶɸɩɨɥɭɱɟɧɧɵɣɧɚɦɢɢɡɥɸɰɟɪɧɵɩɨɦɨɠɟɬ
ɜɵɹɫɧɢɬɶ ɩɪɨɰɟɫɫɵ ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ
ɪɚɡɥɢɱɧɵɯ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɜ
ɬɟɯɧɨɥɨɝɢɹɯ ɫɨɤɨɜɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɏɢɦɢɱɟɫɤɢɣ
ɫɨɫɬɚɜ ɩɥɨɞɨɜ ɢ ɨɜɨɳɟɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɱɬɨ ɨɧɢ
ɫɨɞɟɪɠɚɬ ɤɨɦɩɨɧɟɧɬɵ ɫɩɨɫɨɛɧɵɟ ɭɱɚɫɬɜɨɜɚɬɶ ɜ
ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ ɢ
ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ Ɋɚɫɬɢɬɟɥɶɧɨɟ
ɫɵɪɶɟ ɞɥɹ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢɦɟɟɬ
ɪɚɡɧɨɨɛɪɚɡɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɱɬɨ ɦɨɠɟɬ
ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɮɟɪɦɟɧɬɚɦɢ ɞɟɣɫɬɜɭɸɳɢɦɢ ɧɚ
ɫɵɪɶɟɜɥɢɹɬɶɧɚɢɯɤɚɬɚɥɢɬɢɱɟɫɤɢɟɮɭɧɤɰɢɢ [1, 2]. 
ȼɚɠɧɵɦ ɫɜɨɣɫɬɜɨɦ ɮɟɪɦɟɧɬɨɜ ɤɨɬɨɪɨɟ
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɢɯ ɩɪɚɤɬɢɱɟɫɤɨɦ
ɢɫɩɨɥɶɡɨɜɚɧɢɢɜɩɢɳɟɜɨɣɩɪɨɦɵɲɥɟɧɧɨɫɬɢɹɜɥɹɟɬɫɹ
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ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɨ ɟɫɬɶ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɯɪɚɧɹɬɶ
ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɉɪɢ ɯɪɚɧɟɧɢɢ ɢ
ɨɫɨɛɟɧɧɨ ɜ ɯɨɞɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ, ɮɟɪɦɟɧɬ
ɦɨɠɟɬ ɱɚɫɬɢɱɧɨ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɬɟɪɹɬɶ ɫɜɨɸ
ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢ ɩɨɥɧɨɫɬɶɸ 
ɢɧɚɤɬɢɜɢɪɨɜɚɬɶɫɹ Ɉɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ
ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ
ɤɨɧɮɨɪɦɚɰɢɨɧɧɨɣ ɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ
ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɫɬɢ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɫɭɛɫɬɪɚɬɚ ɢ
ɮɟɪɦɟɧɬɚɢɭɧɢɤɚɥɶɧɨɣɫɬɪɭɤɬɭɪɨɣɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ
ɮɟɪɦɟɧɬɚ ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɜɵɫɨɤɨɟ ɫɪɨɞɫɬɜɨ ɢ 
ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ
ɨɫɭɳɟɫɬɜɥɹɸɳɢɯɫɹɜɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɣɪɚɫɬɢɬɟɥɶɧɨɣ
ɬɤɚɧɢ. 
Ⱦɥɹ ɭɫɩɟɲɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɮɟɪɦɟɧɬɧɨɝɨ
ɩɪɟɩɚɪɚɬɚ ɫ ɜɵɫɨɤɨɣ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɧɨɣ
ɚɤɬɢɜɧɨɫɬɶɸ ɩɨɥɭɱɟɧɧɨɝɨ ɧɚɦɢ ɢɡ ɥɸɰɟɪɧɵ ɜɚɠɧɨ
ɨɩɪɟɞɟɥɢɬɶ ɭɫɥɨɜɢɹ ɩɪɨɹɜɥɟɧɢɹ ɢɦ ɦɚɤɫɢɦɚɥɶɧɨɣ
ɚɤɬɢɜɧɨɫɬɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɪɢɪɨɞɧɵɯ ɯɢɦɢɱɟɫɤɢɯ
ɫɨɟɞɢɧɟɧɢɣɫɵɪɶɹɤɨɬɨɪɵɟɦɨɝɭɬɜɥɢɹɬɶɧɚɫɤɨɪɨɫɬɶ
ɮɟɪɦɟɧɬɚɬɢɜɧɵɯɪɟɚɤɰɢɣ. 
 
ɐɟɥɶɪɚɛɨɬɵ 
 
ɐɟɥɶɸ ɪɚɛɨɬɵ ɫɬɚɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ
ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ
ɮɟɪɦɟɧɬɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɥɸɰɟɪɧɵ ɢ ɧɚ ɨɫɧɨɜɚɧɢɢ
ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɯɚɧɢɡɦɚ
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɮɟɪɦɟɧɬɚ ɫ
ɷɮɮɟɤɬɨɪɚɦɢ ɫɨɞɟɪɠɚɳɢɦɢɫɹ ɜ ɪɚɫɬɢɬɟɥɶɧɨɦ ɫɵɪɶɟ
ɞɥɹɩɨɥɭɱɟɧɢɹɫɬɚɛɢɥɶɧɨɣ ɤɢɧɟɬɢɤɢɞɟɷɬɟɪɢɮɢɤɚɰɢɢ
ɩɟɤɬɢɧɨɜɵɯɜɟɳɟɫɬɜ 
 
ɂɡɥɨɠɟɧɢɟɨɫɧɨɜɧɨɝɨɦɚɬɟɪɢɚɥɚ 
 
Ⱦɥɹ ɭɫɩɟɲɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɮɟɪɦɟɧɬɧɨɝɨ
ɩɪɟɩɚɪɚɬɚ ɢɡ ɥɸɰɟɪɧɵ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɤɚɤɢɟ
ɯɢɦɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɩɨɜɵɲɚɸɬ ɚɤɬɢɜɧɨɫɬɶ
ɮɟɪɦɟɧɬɚɚɤɚɤɢɟɩɨɧɢɠɚɸɬɢɦɨɝɭɬɩɪɟɤɪɚɳɚɬɶɟɝɨ
ɚɤɬɢɜɧɨɫɬɶ Ɉɩɪɟɞɟɥɹɸɳɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɮɟɪɦɟɧɬɚ
ɢɦɟɟɬɫɤɨɪɨɫɬɶɮɟɪɦɟɧɬɚɬɢɜɧɨɣɪɟɚɤɰɢɢɤɨɬɨɪɚɹɤɚɤ
ɢ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ ɫɪɟɞɟ ɚɤɬɢɜɚɬɨɪɨɜ ɢ
ɢɧɝɢɛɢɬɨɪɨɜ ɩɟɪɜɵɟ ɩɨɜɵɲɚɸɬ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɚ
ɜɬɨɪɵɟ ɬɨɪɦɨɡɹɬ ɷɬɭ ɪɟɚɤɰɢɸ Ⱥɤɬɢɜɢɪɭɸɳɟɟ
ɜɥɢɹɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ
ɨɤɚɡɵɜɚɸɬ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɜɟɳɟɫɬɜɚ ɨɪɝɚɧɢɱɟɫɤɨɣ ɢ
ɧɟɨɪɝɚɧɢɱɟɫɤɨɣɩɪɢɪɨɞɵȼ ɡɚɜɢɫɢɦɨɫɬɢɨɬɩɪɢɪɨɞɵ
ɷɮɮɟɤɬɨɪɚɨɧɦɨɠɟɬɜɵɫɬɭɩɚɬɶɤɚɤɚɤɬɢɜɚɬɨɪɨɦɬɚɤ
ɢɢɧɝɢɛɢɬɨɪɨɦɨɩɪɟɞɟɥɺɧɧɨɝɨɮɟɪɦɟɧɬɚ>3].  
ȼɥɢɹɧɢɟ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɭɬɺɦ
ɢɡɦɟɧɟɧɢɹ ɤɨɧɫɬɚɧɬɵ Ɇɢɯɚɷɥɢɫɚ ɦɚɤɫɢɦɚɥɶɧɨɣ
ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɢɥɢ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɢɡɦɟɧɟɧɢɟɦ
ɨɛɨɢɯ ɩɚɪɚɦɟɬɪɨɜ Ɉɫɨɛɟɧɧɨ ɱɚɫɬɨ ɚɤɬɢɜɚɬɨɪɚɦɢ
ɜɵɫɬɭɩɚɸɬ ɢɨɧɵ ɞɜɭɯɜɚɥɟɧɬɧɵɯ ɢ ɪɟɠɟ
ɨɞɧɨɜɚɥɟɧɬɧɵɯ ɦɟɬɚɥɥɨɜ Ȼɨɥɶɲɢɧɫɬɜɨ ɮɟɪɦɟɧɬɨɜ
ɞɥɹ ɩɪɨɹɜɥɟɧɢɹ ɩɨɥɧɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ
ɧɭɠɞɚɸɬɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɟɬɚɥɥɨɜ ɂɨɧɵ ɦɟɬɚɥɥɨɜ
ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɜɮɨɪɦɢɪɨɜɚɧɢɢ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ
ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɢ ɜɫɟɣ ɬɪɟɯɦɟɪɧɨɣ ɫɬɪɭɤɬɭɪɵ
ɦɨɥɟɤɭɥɵɮɟɪɦɟɧɬɚ [4]. 
ɇɟɦɚɥɨɜɚɠɧɵɦɮɚɤɬɨɦ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɬɨ ɱɬɨ
ɢɨɧɵ &D2+ ɩɨɜɫɟɦɟɫɬɧɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ
ɩɥɨɞɨɨɜɨɳɧɨɦ ɫɵɪɶɟ ɩɨɷɬɨɦɭ ɢɡɭɱɟɧɢɟ ɢ
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɯ ɜɥɢɹɧɢɹ ɧɚ ɩɨɜɟɞɟɧɢɟ
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɮɟɪɦɟɧɬɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɹɜɥɹɟɬɫɹ
ɨɛɹɡɚɬɟɥɶɧɨɣ 
Ʉɚɥɶɰɢɣɜɯɨɞɢɬɜɫɨɫɬɚɜɪɚɫɬɟɧɢɣɜɤɨɥɢɱɟɫɬɜɟ
0,2  ȼ ɫɬɚɪɵɯ ɥɢɫɬɶɹɯ ɟɝɨ ɫɨɞɟɪɠɚɧɢɟ ɞɨɯɨɞɢɬ ɞɨ
1  ɉɨɫɬɭɩɚɟɬ ɜ ɜɢɞɟ ɢɨɧɚ ɋɚ2+ Ɋɨɥɶ ɤɚɥɶɰɢɹ
ɪɚɡɧɨɨɛɪɚɡɧɚ Ʉɚɥɶɰɢɣ ɫɨɟɞɢɧɹɹɫɶ ɫ ɩɟɤɬɢɧɨɜɵɦɢ
ɜɟɳɟɫɬɜɚɦɢɞɚɟɬɩɟɤɬɚɬɵɤɚɥɶɰɢɹɤɨɬɨɪɵɟɹɜɥɹɸɬɫɹ
ɜɚɠɧɟɣɲɟɣ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɤɥɟɬɨɱɧɵɯ ɨɛɨɥɨɱɟɤ
ɪɚɫɬɟɧɢɣ ɋɪɟɞɢɧɧɵɟ ɩɥɚɫɬɢɧɤɢ ɫɤɥɟɢɜɚɸɳɢɟ
ɤɥɟɬɨɱɧɵɟ ɨɛɨɥɨɱɤɢ ɫɨɫɟɞɧɢɯ ɤɥɟɬɨɤ ɫɨɫɬɨɹɬ ɩɨ
ɩɪɟɢɦɭɳɟɫɬɜɭɢɡɩɟɤɬɚɬɨɜɤɚɥɶɰɢɹ [5]. 
Ʉɚɥɶɰɢɣ ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɚɬɨɪɨɦ ɬɚɤɢɯ
ɮɟɪɦɟɧɬɨɜ ɤɚɤ ɮɨɫɮɨɪɢɥɚɡɚ ɚɞɟɧɨɡɢɧɬɪɢɮɨɫɮɚɬɚɡɚ
ɞɟɝɢɞɪɨɝɟɧɚɡɵ ɚɦɢɥɚɡɵ ɢ ɞɪ ɋɚ2+ ɫɥɭɠɢɬ
ɩɨɫɪɟɞɧɢɤɨɦ ɞɥɹ ɪɟɚɤɰɢɣ ɪɚɫɬɟɧɢɣ ɧɚ ɜɧɟɲɧɢɟ ɢ
ɝɨɪɦɨɧɚɥɶɧɵɟ ɫɢɝɧɚɥɵ ɜɯɨɞɹ ɜ ɫɨɫɬɚɜ ɫɢɝɧɚɥɶɧɵɯ
ɫɢɫɬɟɦ [6].  
ɂɡɜɟɫɬɧɨ ɱɬɨ ɩɨɥɢɮɟɧɨɥɵ ɹɜɥɹɸɬɫɹ ɦɨɳɧɵɦ
ɢɧɝɢɛɢɬɨɪɨɦ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ɜ ɫɢɥɭ ɱɟɝɨ
ɧɚɩɪɢɦɟɪ ɜ ɹɛɥɨɤɚɯ ɫɨɞɟɪɠɚɳɢɯ ɜɵɫɨɤɨɟ
ɤɨɥɢɱɟɫɬɜɨɩɨɥɢɮɟɧɨɥɶɧɵɯɫɨɟɞɢɧɟɧɢɣɧɚɛɥɸɞɚɟɬɫɹ
ɫɥɚɛɚɹ ɚɤɬɢɜɧɨɫɬɶ ɧɚɬɢɜɧɨɣ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ɚ
ɩɟɤɬɢɧ ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɹɛɥɨɱɧɨɦ ɫɨɤɟ ɫɥɚɛɨ
ɩɨɞɞɚɺɬɫɹɮɟɪɦɟɧɬɚɬɢɜɧɨɣɞɟɷɬɟɪɢɮɢɤɚɰɢɢ 
ɇɚɢɛɨɥɟɟ ɫɢɥɶɧɵɣ ɩɪɢɪɨɞɧɵɣ ɢɧɝɢɛɢɬɨɪ
ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ ± ɩɢɪɨɤɚɬɟɯɢɧ ɉɢɪɨɤɚɬɟɯɢɧ
ɹɜɥɹɟɬɫɹ ɞɜɭɯɚɬɨɦɧɵɦ ɮɟɧɨɥɨɦ ɜɵɡɵɜɚɸɳɢɣ
ɨɤɢɫɥɟɧɢɹɭɝɥɟɜɨɞɨɪɨɞɨɜɢɢɯɩɪɨɢɡɜɨɞɧɵɯ>7]. 
ɂɫɫɥɟɞɨɜɚɧɢɟɷɬɢɯɢɧɝɢɛɢɬɨɪɨɜɢɚɤɬɢɜɚɬɨɪɨɜ
ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɬɚɤ ɤɚɤ ɞɚɸɬ ɰɟɧɧɭɸ
ɢɧɮɨɪɦɚɰɢɸɨɯɢɦɢɱɟɫɤɨɣɩɪɢɪɨɞɟɚɤɬɢɜɧɨɝɨɰɟɧɬɪɚ
ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ɚ ɬɚɤɠɟ ɨ ɫɨɫɬɚɜɟ ɟɝɨ
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯɝɪɭɩɩɢɩɪɢɪɨɞɟɯɢɦɢɱɟɫɤɢɯɫɜɹɡɟɣ
ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɨɛɪɚɡɨɜɚɧɢɟ ɮɟɪɦɟɧɬ-ɫɭɛɫɬɪɚɬɧɨɝɨ
ɤɨɦɩɥɟɤɫɚ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɚɧɚɥɢɡ ɫɤɨɪɨɫɬɟɣ
ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɪɟɚɤɰɢɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɮɮɟɤɬɨɪɨɜ
ɩɨɡɜɨɥɢɬ ɭɩɪɚɜɥɹɬɶ ɧɟ ɬɨɥɶɤɨ ɤɢɧɟɬɢɤɨɣ
ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɪɟɚɤɰɢɣ ɧɨ ɢ ɨɩɪɟɞɟɥɢɬɶ
ɦɨɥɟɤɭɥɹɪɧɵɟ ɦɟɯɚɧɢɡɦɵ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɤɚɬɚɥɢɡɚ
ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ɮɟɪɦɟɧɬɧɨɝɨ ɩɪɟɩɚɪɚɬɚ
ɥɸɰɟɪɧɵ 
 
Ɉɛɫɭɠɞɟɧɢɟɪɟɡɭɥɶɬɚɬɨɜ 
 
ɋ ɰɟɥɶɸ ɭɩɪɚɜɥɟɧɢɹ ɦɨɞɢɮɢɤɚɰɢɟɣ
ɩɟɤɬɢɧɨɜɵɯ ɜɟɳɟɫɬɜ ɩɭɬɺɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ
ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɚ ɬɚɤɠɟ ɞɥɹ
ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ
ɮɟɪɦɟɧɬɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɫ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɧɨɣ 
ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɲɢɪɨɤɨɦ ɫɩɟɤɬɪɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ
ɨɩɟɪɚɰɢɣ ɦɨɞɟɥɢɪɨɜɚɥɢ ɮɟɪɦɟɧɬɚɬɢɜɧɭɸ
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Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɨɡɞɟɣɫɬɜɢɹ ɷɮɮɟɤɬɨɪɨɜ
ɧɚ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɭ ɮɟɪɦɟɧɬɧɨɝɨ ɩɪɟɩɚɪɚɬɚ
ɥɸɰɟɪɧɵ ɢ ɫɭɛɫɬɪɚɬ ± ɩɟɤɬɢɧ ɹɛɥɨɱɧɵɣ
ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɪɩɨɪɚɰɢɢ ©+HUEVWUHLWK XQG )R[ª
Ƚɟɪɦɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɯɢɦɢɱɟɫɤɢɟ ɢ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɟ ɚɧɚɥɢɡɵ ɢɡ ɧɢɯ ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɫɫɨɜɨɣ
ɞɨɥɢ ɩɟɤɬɢɧɚ ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɝɨ ɢ
ɜɨɞɨɧɟɪɚɫɬɜɨɪɢɦɨɝɨ ɨɩɪɟɞɟɥɹɥɢ ɬɢɬɪɨɦɟɬɪɢɱɟɫɤɢɦ
ɦɟɬɨɞɨɦ ɫɨɝɥɚɫɧɨ ȽɈɋɌ -91 [8]; ɫɬɟɩɟɧɶ
ɷɬɟɪɢɮɢɤɚɰɢɢ ɋɗ ɩɟɤɬɢɧɚ ɩɨ ȾɋɌɍ 6088:2009 [9]; 
ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɜɹɡɤɨɫɬɶ ɩɟɤɬɢɧɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɞɨ ɢ
ɩɨɫɥɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɤɚɬɚɥɢɡɚ ɨɩɪɟɞɟɥɹɥɢ ɫ
ɩɨɦɨɳɶɸ ɜɢɫɤɨɡɢɦɟɬɪɚ Ɉɫɬɜɚɥɶɞɚ ɞɢɚɦɟɬɪɨɦ
ɤɚɩɢɥɥɹɪɚ  ɦɦ ɨɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ
ɩɟɤɬɢɧɦɟɬɢɥɟɫɬɟɪɚɡɵɩɨɦɟɬɨɞɢɤɟ>10]. 
Ʉɢɧɟɬɢɤɭ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɩɢɪɨɤɚɬɟɯɢɧɨɦ
ɩɟɤɬɢɧɦɟɬɢɷɫɬɟɪɚɡɵ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɮɟɪɦɟɧɬɧɨɝɨ
ɩɪɟɩɚɪɚɬɚɥɸɰɟɪɧɵɢɡɭɱɚɥɢɜɫɪɚɜɧɟɧɢɢɫɤɢɧɟɬɢɤɨɣ
ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɩɢɪɨɤɚɬɟɯɢɧɨɦ ɩɟɤɬɢɧɦɟɬɢɷɫɬɟɪɚɡɵ 
©ɉɟɤɬɨɮɨɟɬɢɞɢɧɚɉɯªɪɢɫ 1). 
 
 
 
Ɋɢɫ 1 ± Ʉɢɧɟɬɢɤɚɢɧɝɢɛɢɪɨɜɚɧɢɹɩɢɪɨɤɚɬɟɯɢɧɨɦ
ɩɟɤɬɢɧɦɟɬɢɷɫɬɟɪɚɡɵɮɟɪɦɟɧɬɧɨɝɨɩɪɟɩɚɪɚɬɚ
ɥɸɰɟɪɧɵɢɩɪɟɩɚɪɚɬɚ©ɉɟɤɬɨɮɨɟɬɢɞɢɧɉɯª 
1 ± ɦɨɥɹɪɧɚɹɤɨɧɰɟɧɬɪɚɰɢɹɩɢɪɨɤɚɬɟɯɢɧɚɯ-3 Ɇ
ɩɪɟɩɚɪɚɬ©ɉɟɤɬɨɮɨɟɬɢɞɢɧɉɯª± ɦɨɥɹɪɧɚɹ
ɤɨɧɰɟɧɬɪɚɰɢɹɩɢɪɨɤɚɬɟɯɢɧɚɯ-4  Ɇɩɪɟɩɚɪɚɬ
©ɉɟɤɬɨɮɨɟɬɢɞɢɧɉɯª; 3 ± ɦɨɥɹɪɧɚɹɤɨɧɰɟɧɬɪɚɰɢɹ
ɩɢɪɨɤɚɬɟɯɢɧɚɯ-3 Ɇɮɟɪɦɟɧɬɧɵɣɩɪɟɩɚɪɚɬ
ɥɸɰɟɪɧɵ± ɦɨɥɹɪɧɚɹɤɨɧɰɟɧɬɪɚɰɢɹɩɢɪɨɤɚɬɟɯɢɧɚ
ɯ-3 Ɇɮɟɪɦɟɧɬɧɵɣɩɪɟɩɚɪɚɬɥɸɰɟɪɧɵ 
5 ± ɦɨɥɹɪɧɚɹɤɨɧɰɟɧɬɪɚɰɢɹɩɢɪɨɤɚɬɟɯɢɧɚɯ-4  Ɇ
ɮɟɪɦɟɧɬɧɵɣɩɪɟɩɚɪɚɬɥɸɰɟɪɧɵ 
 
Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɩɪɢ
ɜɜɟɞɟɧɢɢ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɪɟɞɭ ɩɢɪɨɤɚɬɟɯɢɧɚ
ɧɚɛɥɸɞɚɥɢ ɤɨɧɤɭɪɟɧɬɧɵɣ ɬɢɩ ɢɧɝɢɛɢɪɨɜɚɧɢɹ
ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɧɢɜɟɥɢɪɨɜɚɧɨ ɭɜɟɥɢɱɟɧɢɟɦ
ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɭɛɫɬɪɚɬɚ ɉɪɢɫɭɬɫɬɜɢɟ ɩɢɪɨɤɚɬɟɯɢɧɚ
ɭɜɟɥɢɱɢɜɚɟɬ ɡɧɚɱɟɧɢɟ Ʉm    ɯ- ɦɨɥɶɞɦ3 ɧɟ
ɨɤɚɡɵɜɚɹ ɜɥɢɹɧɢɹ ɧɚ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɩɨ
ɹɛɥɨɱɧɨɦɭɩɟɤɬɢɧɭ-ɫɭɛɫɬɪɚɬɭ9max  ɯ-ɦɨɥɶɫ
ɪɢɫ  ɗɬɨ ɨɡɧɚɱɚɟɬ ɱɬɨ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ
ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɭɛɫɬɪɚɬɚ >6@ ɢɧɝɢɛɢɬɨɪ ɜɵɬɟɫɧɹɟɬɫɹ
ɦɨɥɟɤɭɥɚɦɢ ɫɭɛɫɬɪɚɬɚ ɢɡ ɤɨɦɩɥɟɤɫɚ ɮɟɪɦɟɧɬ-
ɢɧɝɢɛɢɬɨɪ 
 
 
 
Ɋɢɫ 2 ± Ɂɚɜɢɫɢɦɨɫɬɶɫɤɨɪɨɫɬɢɪɟɚɤɰɢɢ
ɞɟɷɬɟɪɢɮɢɤɚɰɢɢɹɛɥɨɱɧɨɝɨɩɟɤɬɢɧɚɩɨɞɞɟɣɫɬɜɢɟɦ
ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵɮɟɪɦɟɧɬɧɨɝɨɩɪɟɩɚɪɚɬɚ
ɥɸɰɟɪɧɵɢɩɢɪɨɤɚɬɟɯɢɧɚ: 1 ± ɦɨɥɹɪɧɚɹɤɨɧɰɟɧɬɪɚɰɢɹ
ɩɢɪɨɤɚɬɟɯɢɧɚɯ-3 Ɇ; 2 ± ɦɨɥɹɪɧɚɹɤɨɧɰɟɧɬɪɚɰɢɹ
ɩɢɪɨɤɚɬɟɯɢɧɚɯ-3 Ɇ; 3 ± ɦɨɥɹɪɧɚɹɤɨɧɰɟɧɬɪɚɰɢɹ
ɩɢɪɨɤɚɬɟɯɢɧɚɯ-4  Ɇ 
 
Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ
ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɢɪɨɤɚɬɟɯɢɧɚ-ɢɧɝɢɛɢɬɨɪɚ
ɜɥɢɹɟɬɧɚ ɤɨɧɫɬɚɧɬɭ ɆɢɯɚɷɥɢɫɚɄm ɩɪɢɩɪɚɤɬɢɱɟɫɤɢ
ɨɞɢɧɚɤɨɜɵɯ ɦɚɤɫɢɦɚɥɶɧɵɯ ɫɤɨɪɨɫɬɹɯ ɪɚɫɩɚɞɚ
ɢɧɬɟɪɦɟɞɢɚɬɚ ɧɚ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɏɚɪɚɤɬɟɪɧɨ
ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɢɪɨɤɚɬɟɯɢɧɚ
ɬɢɩɢɱɧɨɝɨ ɩɪɟɞɫɬɚɜɢɬɟɥɹ ɝɪɭɩɩɵ ɩɨɥɢɮɟɧɨɥɶɧɵɯ
ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɭ ɮɟɪɦɟɧɬɧɨɝɨ
ɩɪɟɩɚɪɚɬɚ ɥɸɰɟɪɧɵ ɱɟɦ ɧɚ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɭ
©ɉɟɤɬɨɮɨɟɬɢɞɢɧɚ ɉɯª ȼɨɡɦɨɠɧɨ ɷɬɨ ɫɜɹɡɚɧɨ ɫ
ɩɪɢɫɭɬɫɬɜɢɟɦɜɥɸɰɟɪɧɟɡɧɚɱɢɬɟɥɶɧɵɯɤɨɧɰɟɧɬɪɚɰɢɣ
ɩɨɥɢɮɟɧɨɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɤɚɤ ɡɚɳɢɬɧɵɯ
ɦɟɯɚɧɢɡɦɨɜ ɩɪɨɬɢɜɨɫɬɨɹɳɢɟ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɦɭ
ɜɨɡɞɟɣɫɬɜɢɸ ɜ ɬɨɦ ɱɢɫɥɟ ɜɪɟɞɢɬɟɥɹɦ ɢ
ɮɢɬɨɩɚɬɨɝɟɧɧɵɦ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦ ɢ ɚɞɚɩɬɚɰɢɢ ɤ
ɧɢɦ ɪɚɫɬɢɬɟɥɶɧɨɣ ɩɟɤɬɢɧɦɟɬɢɷɫɬɟɪɚɡɵ ɂɡɜɟɫɬɧɵɦ
ɮɟɧɨɦɟɧɨɦ ɹɜɥɹɟɬɫɹ ɩɨɬɟɧɰɢɪɨɜɚɧɢɟ ɫɢɧɬɟɡɚ
ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɦ ɮɟɪɦɟɧɬɚ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜ
ɩɢɬɚɬɟɥɶɧɭɸ ɫɪɟɞɭ ɫɭɛɫɬɪɚɬɚ ɞɚɧɧɨɝɨ ɮɟɪɦɟɧɬɚ
ɧɟɱɬɨ ɩɨɞɨɛɧɨɟ ɦɨɠɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɢ ɜ ɞɚɧɧɨɦ
ɫɥɭɱɚɟ 
ɋɪɟɞɢ ɚɤɬɢɜɚɬɨɪɨɜ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ 
ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɨɧɵ &D2+, 
ɩɨɫɤɨɥɶɤɭ ɩɨɬɟɧɰɢɪɭɹ ɞɟɣɫɬɜɢɟ ɷɬɨɝɨɮɟɪɦɟɧɬɚ ɨɧɢ
ɨɞɧɨɜɪɟɦɟɧɧɨɭɝɧɟɬɚɥɢɞɟɣɫɬɜɢɟɩɨɥɢɝɚɥɚɤɬɭɪɨɧɚɡɵ
ȼɡɚɢɦɨɞɟɣɫɬɜɭɹ ɫ ɚɥɥɨɫɬɟɪɢɱɟɫɤɢɦ ɰɟɧɬɪɨɦ
ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ɢɨɧɵ &D2+ ɫɩɨɫɨɛɫɬɜɭɸɬ
ɨɛɪɚɡɨɜɚɧɢɸ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ
ɤɨɧɮɢɝɭɪɚɰɢɢ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ɢ ɚɤɬɢɜɧɨɝɨ
ɮɟɪɦɟɧɬ-ɫɭɛɫɬɪɚɬɧɨɝɨɤɨɦɩɥɟɤɫɚ 
Ⱥɧɚɥɢɡɞɚɧɧɵɯɤɢɧɟɬɢɱɟɫɤɨɝɨɷɤɫɩɟɪɢɦɟɧɬɚɩɨ
ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ ɢɨɧɨɜ &D2+ ɜ ɤɨɨɪɞɢɧɚɬɚɯ
Ʌɚɣɧɭɢɜɟɪɚ-Ȼɟɪɤɚ ɪɢɫ  ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ
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ɧɟɤɨɧɤɭɪɟɧɬɧɵɣ ɬɢɩ ɚɤɬɢɜɢɪɨɜɚɧɢɹ ɞɟɣɫɬɜɢɹ
ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ 
 
 
 
Ɋɢɫ 3 ± Ʉɢɧɟɬɢɤɚɚɤɬɢɜɚɰɢɢɢɨɧɚɦɢ&D2+ 
ɩɟɤɬɢɧɦɟɬɢɷɫɬɟɪɚɡɵɮɟɪɦɟɧɬɧɨɝɨɩɪɟɩɚɪɚɬɚ
ɥɸɰɟɪɧɵ± ɩɨɬɟɧɰɢɪɨɜɚɧɢɟɢɨɧɚɦɢ&D2+ ɫ
ɦɨɥɹɪɧɨɣɤɨɧɰɟɧɬɪɚɰɢɟɣɯ-4 Ɇ;  
2 ± ɩɨɬɟɧɰɢɪɨɜɚɧɢɟɢɨɧɚɦɢ&D2+ ɫɦɨɥɹɪɧɨɣ
ɤɨɧɰɟɧɬɪɚɰɢɟɣɯ-3 Ɇ; 3 ± ɩɨɬɟɧɰɢɪɨɜɚɧɢɟɢɨɧɚɦɢ
Ca2+ ɫɦɨɥɹɪɧɨɣɤɨɧɰɟɧɬɪɚɰɢɟɣɯ-3 Ɇ 
 
ɉɪɢ ɦɨɥɹɪɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɤɚɥɶɰɢɹ 
ɯ-3 Ɇ ɚɤɬɢɜɧɨɫɬɶ ɩɨɥɢɝɚɥɚɤɬɭɪɨɧɚɡɵ ɫɨɫɬɚɜɢɥɚ
50 ɨɬɦɚɤɫɢɦɚɥɶɧɨɣȺɤɬɢɜɢɪɭɸɳɟɟɜɥɢɹɧɢɟɢɨɧɨɜ
Ca2+ ɛɵɥɨɛɨɥɟɟɜɵɪɚɠɟɧɨɩɪɢɪɇ ɱɟɦɩɪɢɪɇ 
 Ɍɚɤ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ &D2+ ɯ-3 Ɇ
ɚɤɬɢɜɧɨɫɬɶ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ɩɪɢ ɪɇ 
ɜɨɡɪɚɫɬɚɥɚɜɪɚɡɚɞɨȿɞɫɦ3ɚɩɪɢɪɇ ± 
ɜ ɞɜɚ ɪɚɡɚ ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɢɨɧɨɜ &D2+ ɚɤɬɢɜɧɨɫɬɶ
ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ©ɉɟɤɬɨɮɨɟɬɢɞɢɧɚ ɉɯª ɩɪɢ
ɪɇ ɩɨɜɵɲɚɥɚɫɶɞɨ ȿɞɫɦ3. 
ɉɪɨɜɨɞɢɥɢ ɩɪɨɰɟɫɫ ɞɟɷɬɟɪɢɮɢɤɚɰɢɢ
ɩɟɤɬɢɧɨɜɵɯ ɜɟɳɟɫɬɜ ɩɟɤɬɢɧɦɟɬɢɷɫɬɟɪɚɡɨɣ 
ɮɟɪɦɟɧɬɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɥɸɰɟɪɧɵ ɜ ɩɪɢɫɭɬɫɬɜɢɢ
ɪɚɡɥɢɱɧɵɯ ɷɮɮɟɤɬɨɪɨɜ ± ɫɨɥɟɣ ɤɚɥɶɰɢɹ 
ɂɫɫɥɟɞɨɜɚɧɢɹɜɥɢɹɧɢɹ ɩɪɢɪɨɞɵɚɧɢɨɧɚɫɨɥɟɣɤɚɥɶɰɢɹ
ɧɚɚɤɬɢɜɧɨɫɬɶɮɟɪɦɟɧɬɚɩɪɨɜɨɞɢɥɢɩɭɬɺɦɜɜɟɞɟɧɢɹɢɯ
ɜ ɫɨɫɬɚɜ ɪɚɫɬɜɨɪɚ ɹɛɥɨɱɧɨɝɨ ɩɟɤɬɢɧɚ ɫ ɦɚɫɫɨɜɨɣ
ɞɨɥɟɣ ɩɟɤɬɢɧɚ 1 % Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ
ɩɪɢɜɟɞɟɧɵɜɬɚɛɥ 
 
Ɍɚɛɥɢɰɚ± ȼɥɢɹɧɢɟɩɪɢɪɨɞɵɫɨɥɢɤɚɥɶɰɢɹɧɚ
ɤɢɧɟɬɢɤɭɚɤɬɢɜɚɰɢɢ ɩɟɤɬɢɧɦɟɬɢɷɫɬɟɪɚɡɵ
ɮɟɪɦɟɧɬɧɨɝɨɩɪɟɩɚɪɚɬɚ 
 
ȼɜɨɞɢɦɚɹɫɨɥɶ ɋɗ, 
% 
ɪɇ
ɫɪɟɞɵ 
Ʉɨɧɫɢɫɬɟɧɰɢɹ 
əɛɥɨɱɧɵɣ ɩɟɤɬɢɧ
ɤɨɧɬɪɨɥɶ 
62 4,0 ɜɹɡɤɢɣɪɚɫɬɜɨɪ 
ɏɥɨɪɢɞɤɚɥɶɰɢɹ 38 2,7 ɫɢɧɟɪɟɬɢɱɧɵɣ
ɫɝɭɫɬɨɤ 
Ƚɥɸɤɨɧɚɬɤɚɥɶɰɢɹ 38 3,8 ɩɪɨɱɧɵɣɝɟɥɶ 
Ʌɚɤɬɚɬɤɚɥɶɰɢɹ 38 3,7 ɦɹɝɤɢɣɝɟɥɶ 
Ƚɢɞɪɨɮɨɫɮɚɬ
ɤɚɥɶɰɢɹ 
38 3,2 ɫɢɧɟɪɟɬɢɱɧɵɣ
ɫɝɭɫɬɨɤ 
 
ɉɪɢɪɨɞɚ ɜɧɨɫɢɦɨɣ ɫɨɥɢ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ
ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɱɬɨ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɩɪɢ
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɢɯ ɫɨɥɟɣ ɜ ɩɪɨɰɟɫɫɟ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɩɟɤɬɢɧɚ 
ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɫɨɥɟɣ ɤɚɥɶɰɢɹ ɢɨɧɵ ɦɟɬɚɥɥɚ
ɜɫɬɭɩɚɸɬ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɚɤɬɢɜɧɵɦ ɰɟɧɬɪɨɦ
ɮɟɪɦɟɧɬɚ ɭɫɤɨɪɹɹ ɩɪɨɰɟɫɫ ɤɨɦɩɚɤɬɢɡɚɰɢɢ
ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ ɹɛɥɨɱɧɨɝɨ ɩɟɤɬɢɧɚ ɇɚɢɛɨɥɶɲɟɟ
ɚɤɬɢɜɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ ɨɤɚɡɵɜɚɸɬ ɫɨɥɢ ɤɚɥɶɰɢɹ
ɯɥɨɪɢɞ ɢ ɝɢɞɪɨɮɨɫɮɚɬ ɤɚɥɶɰɢɹ ɱɬɨ ɫɥɟɞɭɟɬ
ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɢɯ ɫɨɥɟɣ ɞɥɹ
ɩɨɥɭɱɟɧɢɹ ɠɟɥɟɨɛɪɚɡɧɵɯ ɢ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ
ɩɪɨɞɭɤɬɨɜ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɟɯɚɧɢɡɦ ɪɟɝɭɥɹɰɢɢ
ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ɮɟɪɦɟɧɬɧɨɝɨ ɩɪɟɩɚɪɚɬɚ
ɥɸɰɟɪɧɵ ɬɚɤɨɣ ɟɫɥɢ ɮɟɪɦɟɧɬ ɜ ɧɟɚɤɬɢɜɧɨɦ
ɫɨɫɬɨɹɧɢɢɨɛɨɡɧɚɱɢɬɶ± ȿɬɨ ɋɚ+2 ȿ ɋɚ+2)2ȿɝɞɟ
ɨɛɪɚɡɭɟɬɫɹɜɵɫɨɤɨɚɤɬɢɜɧɵɣɤɨɦɩɥɟɤɫɮɟɪɦɟɧɬɚ 
Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ
ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɜ
ɨɬɥɢɱɢɟ ɨɬ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ɦɢɤɪɨɛɧɨɝɨ
ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɷɮɮɟɤɬɢɜɧɚ ɞɥɹ ɞɟɷɬɟɪɢɮɢɤɚɰɢɢ
ɩɟɤɬɢɧɚ ɜ ɫɪɟɞɚɯ ɫɨɞɟɪɠɚɳɢɯ ɤɚɤ ɩɨɥɢɮɟɧɨɥɶɧɵɟ
ɫɨɟɞɢɧɟɧɢɹ ɬɚɤɢɫɨɥɢɞɜɭɯɜɚɥɟɧɬɧɵɯɦɟɬɚɥɥɨɜ.  
 
ȼɵɜɨɞɵ 
 
ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɢɧɝɢɛɢɬɨɪɨɜ ɧɚ ɤɢɧɟɬɢɤɭ
ɪɟɚɤɰɢɢ ɞɟɦɟɬɨɤɫɢɥɢɪɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɵɦ
ɮɟɪɦɟɧɬɧɵɦ ɩɪɟɩɚɪɚɬɨɦ ɫ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɧɨɣ 
ɚɤɬɢɜɧɨɫɬɶɸ ɍɫɬɚɧɨɜɥɟɧɨ ɱɬɨ ɢɧɝɢɛɢɪɨɜɚɧɢɟ
ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ɩɪɟɩɚɪɚɬɚ ɩɢɪɨɤɚɬɟɯɢɧɨɦ
ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɧɟɤɨɧɤɭɪɟɧɬɧɨɦɭ ɬɢɩɭ ɱɬɨ ɦɨɠɧɨ
ɧɢɜɟɥɢɪɨɜɚɬɶɭɜɟɥɢɱɟɧɢɟɦɤɨɧɰɟɧɬɪɚɰɢɢɫɭɛɫɬɪɚɬɚ 
ɍɫɬɚɧɨɜɥɟɧɨ ɱɬɨ ɩɨɬɟɧɰɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ
ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɮɟɪɦɟɧɬɧɨɝɨ
ɩɪɟɩɚɪɚɬɚ ɥɸɰɟɪɧɵ ɜɨɡɦɨɠɧɨ ɩɭɬɺɦ ɜɜɟɞɟɧɢɹ ɜ
ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɢɨɧɨɜ ɋɚ2+ ɚɧɚɥɢɡ ɞɚɧɧɵɯ
ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɭɫɬɚɧɨɜɢɥ
ɧɟɤɨɧɤɭɪɟɧɬɧɵɣ ɬɢɩ ɚɤɬɢɜɢɪɨɜɚɧɢɹ ɞɟɣɫɬɜɢɹ
ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɵ.  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɟɤɬɢɧɦɟɬɢɥɷɫɬɟɪɚɡɚ
ɮɟɪɦɟɧɬɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɥɸɰɟɪɧɵ ɧɚɢɛɨɥɟɟ
ɚɞɚɩɬɢɪɨɜɚɧɚ ɤ ɛɢɨɫɢɫɬɟɦɟɪɚɫɬɢɬɟɥɶɧɨɝɨɫɵɪɶɹɱɬɨ
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɢɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ
ɫɩɨɫɨɛɧɨɫɬɹɯ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬɫɨɡɞɚɧɢɸ ɚɥɶɬɟɪɧɚɬɢɜɵ
ɢɦɩɨɪɬɧɵɦ ɩɟɤɬɨɥɢɬɢɱɟɫɤɢɦ ɩɪɟɩɚɪɚɬɚɦ ɜ ɫɜɹɡɢ ɫ
ɨɬɫɭɬɫɬɜɢɟɦ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ
ɚɧɚɥɨɝɨɜ 
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